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(54) Method for feeding an output shaft of a power tool

(57) A power feed apparatus for applying a thrust
force to an output shaft of a motor driven tool to drive the
output shaft linearly towards and away from a workpiece
without applying off-�axis forces to the output shaft that
would cause it to move out of perfect perpendicular align-
ment to the outer surface of the workpiece. The apparatus
includes a first tubular member which is fixedly secured
to a jig or other like mounting structure associated with
the workpiece. A second tubular member is disposed for
sliding linear movement along the first tubular member.
Spaced apart annular fluid chambers are formed within
the apparatus along with associated fluid ports for allow-
ing a pressurized fluid to be used to both extend and
retract the out put shaft of the tool. The tool itself is sup-
ported on the second tubular member and thus moves
linearly along with the second tubular member.
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Description

FIELD OF THE INVENTION

�[0001] This invention relates to pneumatic/�hydraulic
power tools, and more particularly to a pressurized fluid
driven power feed apparatus for concentrically applying
thrust forces to an output shaft of a tool in a manner which
distributes the thrust forces evenly concentrically about
the output shaft.

BACKGROUND OF THE INVENTION

�[0002] In aircraft assembly operations, it is often ne-
cessity to clamp or otherwise attach a hand operated drill
style reamer onto a spar or other area of a workplace so
that the reamer can be automatically operated. This has
involved incorporating a pneumatic/�hydraulic cylinder at-
tached to some form of carriage, which is in turn coupled
to the power tool that is performing the machining oper-
ation, whether it be drilling, cutting or reaming. As such,
the pneumatic/ �hydraulic cylinder is laterally offset from
the power tool.
�[0003] The problem that arises is one of keeping the
rotating working element attached to the output shaft of
the tool perpendicular to the pneumatic cylinder. Put dif-
ferently, the output shaft has to be maintained parallel to
the cylinder and normal to the surface of the workpiece.
Typically, guide rails or some other form of guide struc-
ture are attached to the tool in an attempt to keep the
output shaft of the tool perfectly parallel to the cylinder
and normal to the workpiece surface. These normality
problems become less of a problem in larger tools as
larger carriage bearings or guide rails are normally used.
However, with smaller tools, the moment that is produced
due to the high thrust loads and the distance between
the component secured to the output shaft of the tool,
such as a cutter, and the cylinder providing the thrust
force causes the cutter to twist, thus pushing the cutter
out of its alignment parallel to the surface of the work-
piece. In a reaming operation, this can cause the cutter
to exceed a predetermined hole tolerance for holes being
formed in the workpiece.
�[0004] The guide rail system presently used to align
and support power tools also requires exacting toleranc-
es which are quite difficult to maintain. Up until the
present time, this problem of maintaining the correct an-
gularity of the tool relative to the pneumatic/�hydraulic cyl-
inder has required the use of larger bushings and/or
guides, which causes the overall assembly to become
much more cumbersome to handle and set up and to
require much more space.
�[0005] It would therefore be highly desirable to provide
some form of apparatus which can be used to support a
tool and to provide thrust forces evenly (i.e., concentri-
cally) about the output shaft of the tool as the output shaft
is guided toward a workpiece. This would eliminate the
need for large, heavy and cumbersome guide rail sys-

tems and/or carriages and would ensure that the thrust
forces acting on the output shaft are applied evenly about
the output shaft, and thus also evenly about the working
element attached to the output shaft. Such an apparatus
would also provide a more compact means for supporting
the tool and its working element.

SUMMARY OF THE INVENTION

�[0006] The present invention is directed to a power
feed apparatus for feeding a working element attached
to an output shaft of a motor driven power tool in a linear
motion relative to a workpiece. The present invention en-
ables a thrust force to be applied evenly about a periphery
of the output shaft, and thus evenly about the working
element, to ensure that the working element remains par-
allel to a surface of the workpiece as the thrust force is
applied.
�[0007] In one preferred form, the apparatus comprises
a first tubular member which is adapted to be fixed to a
substructure associated with a workpiece such as a jig,
carriage or other like structure. A second tubular member
is provided and moves slidably relative to the first tubular
member. The second tubular member supports the tool
thereon and allows the output shaft of the tool to extend
therethrough into the first tubular member. The first tu-
bular member includes a first annular fluid chamber ar-
ranged concentrically around the output shaft. The sec-
ond tubular member similarly includes a second annular
fluid chamber formed concentrically with the output shaft.
The first tubular member further includes a bore at one
end for enabling the output shaft of the tool to extend
therethrough and toward and/or into a workpiece.
�[0008] In operation, when a pressurized fluid is injected
into the first annular fluid chamber, this causes the sec-
ond tubular member to move slidably linearly relative to
the first tubular member. This causes the output shaft of
the tool to be moved linearly from a retracted position
into an extended position wherein the working element
attached to the output shaft can be used to perform a
machining operation, such as reaming, for example, on
the workpiece. When the working element is to be re-
tracted, a pressurized fluid is removed from the first an-
nular fluid chamber and injected into the second annular
fluid chamber. This causes the second tubular member
to be moved slidably in an opposite direction such that
the output shaft is retracted, thus withdrawing the working
element from the workpiece.
�[0009] In a preferred embodiment the first tubular
member further includes a biasing member such as a
coil spring for assisting in retracting the output shaft. The
biasing member is disposed within a biasing member re-
taining tube disposed fixedly relative to the first tubular
sleeve and concentrically therewith such that it is able to
receive the output shaft therethrough.
�[0010] The power feed apparatus of the present inven-
tion thus allows a pneumatic or hydraulic thrust force to
be applied evenly and concentrically about an output
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shaft of the power tool. This allows the output shaft to be
driven in a smooth, linear motion without creating any
external forces which would tend to act on the working
element to force it out of its perfectly parallel alignment
with a work surface. Advantageously, the power feed ap-
paratus of the present invention also forms a very com-
pact assembly which can be secured readily to a jig or
other supporting structure associated with the workpiece.
�[0011] Further areas of applicability of the present in-
vention will become apparent from the detailed descrip-
tion provided hereinafter. It should be understood that
the detailed description and specific examples, while in-
dicating the preferred embodiment of the invention, are
intended for purposes of illustration only and are not in-
tended to limited the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

�[0012] The present invention will become more fully
understood from the detailed description and the accom-
panying drawings, wherein:
�[0013] Figure 1 is a perspective view of a power feed
apparatus in accordance with a preferred embodiment
of the present invention also showing a supporting struc-
ture for supporting the apparatus relative to a workpiece;
�[0014] Figure 2 is a simplified cross sectional side view
of the apparatus of Figure 1 taken in accordance with
section line 2-2 in Figure 1 showing the apparatus with
an output shaft in a retracted position, and omitting the
mounting structure shown in Figure 1; and
�[0015] Figure 3 is a view of the apparatus of Figure 2
showing the output shaft in an extended position.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

�[0016] The following description of the preferred em-
bodiment�(s) is merely exemplary in nature and is in no
way intended to limit the invention, its application, or us-
es.
�[0017] Referring to Figure 1, there is shown a power
feed apparatus 10 in accordance with a preferred em-
bodiment of the present invention. The apparatus 10 is
illustrated as being supported by a guide shaft assembly
12 which is secured to the apparatus 10. The apparatus
10 is secured against a workpiece 14 by a clamp 16. As
will be described in greater detail, the apparatus 10 can
be secured to the workpiece 14 in a number of different
ways, some of which do not include the requirement of
a clamp 16.
�[0018] The apparatus 10 generally includes a first tu-
bular member 18 and a second tubular member 20 dis-
posed concentrically with the first tubular member 18.
The first tubular member 18 includes a port 22 which is
coupled to a fluid line 24. The fluid line 24 is in commu-
nication with a pressurized fluid source 26 to thus allow
pressurized fluid to be supplied into an interior area of
the first tubular member 18. The second tubular member

20 includes a fluid port 28 which is in communication with
a fluid line 30 which is also in communication with the
pressurized fluid source 26. A suitable valve 32 can be
used to direct fluid from the pressurized fluid source 26
into either the fluid port 22 or the fluid port 28. Alterna-
tively, separate pressurized fluid sources could be em-
ployed for the two fluid ports 22 and 28.
�[0019] The second tubular member 20 is adapted to
fixedly support a tool 34. In one preferred form the tool
comprises a drill having an electric motor. It will be ap-
preciated, however, that other forms of tools, either elec-
trically, hydraulically or pneumatically driven, having an
output shaft could conceivably be carried by the appara-
tus 10.
�[0020] In general operation, when pressurized fluid is
applied via fluid line 24 into fluid port 22, this causes the
second tubular member 20 to move linearly downwardly
over first tubular member 18. Consequently, the output
shaft of the motor 34 is urged linearly downwardly in the
drawing of Figure 1 into the workpiece 14. Typically the
output shaft has coupled at an end a working element
such as a reamer. Again, it will be appreciated that a wide
variety of metal working devices could be employed in
connection with the apparatus 10 and that the following
description should not be limited to only a reamer.
�[0021] A principal advantage of the apparatus 10 is
that the thrust forces produced by the pressurized fluid
are applied evenly and concentrically about the output
shaft such that the output shaft is maintained perfectly
perpendicular to the upper surface of the workpiece 14.
This is in contrast to previously developed systems which
employ a cylinder positioned off to one side of the tool,
and which impart forces during the thrust motion that tend
to urge the output shaft of the motor out of its perpendic-
ular alignment to the surface of the workpiece 14.
�[0022] Although the guide shaft assembly 12 is not
considered to be a part of the apparatus 10, a brief de-
scription of its function will also be provided. The guide
shaft assembly 12 includes a guide bracket 12a which is
attached directly to the motor 34. The guide bracket 12a
is in turn attached to an anti-�rotation shaft 12b, which is
in turn attached to a guide bracket 12c. Guide bracket
12c is fixedly secured to an outer surface 36a of the first
tubular member 18. The components 12a, 12b and 12c
cooperatively help to prevent rotation of the motor 34
relative to the first tubular member 18 as the motor 34
operates, while still allowing the second tubular member
20 to move down linearly over the first tubular member
18. A nosepiece 18a, integrally formed with the first tu-
bular member 18, provides one means for allowing the
first tubular member 18 to be fixedly secured via the
clamp 16 to the work piece 14. Alternatively, the nose-
piece 18a could be secured to a jig or other device as-
sociated with the work piece 14. Thus, it will be appreci-
ated that various other schemes may be employed to
support the apparatus 10 fixedly relative to a work piece.
�[0023] Referring now to Figures 2 and 3, the internal
components of the apparatus 10 will be described in
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greater detail. The first tubular member 18 includes a first
or outer tubular sleeve 36 having the outer surface 36a
mentioned in connection with the discussion of Figure 1,
a mounting component 38 and a biasing member retain-
ing tube 40. It will be appreciated that for simplicity, the
mounting component 38 is shown without the nosepiece
18a formed therewith.
�[0024] Within the biasing member retaining tube 40 is
disposed a biasing element, such as a coil spring 42. The
fluid port 22 Is formed by a flow path 44 created between
a first wall portion 46 and a second wall portion 48 of the
tubular sleeve 36. This flow path 44 leads into a first an-
nular fluid chamber 50. It is important to note that the first
annular fluid chamber 50 is disposed concentrically with
a rotationally driven output shaft 52 of the motor 34. The
biasing member 42 and the biasing member retaining
tube 40 are also disposed concentrically with the output
shaft 42. An annular pocket 54 is formed between the
biasing member retaining tube 40 and an inner wall 56
of the tubular sleeve 36. The motor 34 and its output shaft
52 in this example form an electrically driven drill.
�[0025] The tubular sleeve 18 is threadably secured to
the mounting component 38. Similarly, the biasing mem-
ber retaining tube 40 includes a lower threaded end 58
which is secured within a threaded bore 60 of the mount-
ing component 38. The mounting component 38 includes
a central bore 62 for allowing the output shaft 52 to extend
therethrough toward the workpiece 14. (not shown in Fig-
ure 2). A lower bearing pack 60a and an associated seal
60b are also disposed within the threaded bore 60 inter-
nal to the biasing member retaining tube 40. Optionally,
the mounting component 38 may include a lower thread-
ed end 64 which may be threadably engaged with a
threaded bore in a jig or other like structure to support
the apparatus 10 fixedly relative to the jig or like structure.
�[0026] With continuing reference to Figure 2, the sec-
ond tubular member 20 includes an outer tubular sleeve
66 and an inner tubular sleeve 68. The outer tubular
sleeve 66 includes a fluid flow passageway 70 in com-
munication with the fluid port 28. Fluid passageway 70
communicates with an annular fluid chamber 72 which
is arranged concentrically with the output shaft 52. The
annular fluid chamber 72 is formed between an outer
surface 74 of the inner tubular sleeve 68 and an inner
surface 76 of the outer tubular sleeve 66. An upper end
portion 78 of the inner tubular sleeve 68 is threadably
engaged with an upper mounting component 80, which
is in turn threadably engaged with a threaded portion (not
shown) of a housing of the motor 34. The outer tubular
sleeve 66 is threaded onto the upper mounting compo-
nent 80 at the threaded bore 82. In this particular em-
bodiment, the second tubular member 20 provides a mi-
crometer depth stop and a hard stop for the first tubular
member 18 as it slides into the second tubular member
20. The micrometer depth is held systematically by a lock-
nut 97. Within the upper mounting component 80 is dis-
posed an upper bearing pack 81a and an associated seal
81 b. Bearing packs 81 a and 60a help to maintain the

output shaft 52 concentric within the first and second tu-
bular members 18 and 20.
�[0027] Referring further to Figure 2, a first O-�ring seal
84 provides a seal between the outer surface of the inner
tubular sleeve 68 at its upper end and an inner surface
of the outer tubular sleeve 66. A second O-�ring seal 86
provides a seal between the outer surface of the inner
tubular sleeve 68 and an inner surface of the outer tubular
sleeve 36. A third O-�ring seal 88 disposed between a
lower outer edge 89 of the inner tubular sleeve 68 and
the inner wall 56 of the outer tubular sleeve 36 provides
a seal at this area. O-�ring seals 84 and 86 thus seal off
the annular fluid chamber 72 when a pressurized fluid is
injected therein. O-�ring seals 86 and 88 serve to seal off
the annular flow chamber 50 when a pressurized fluid is
injected thereinto.
�[0028] With further reference to Figure 2, guide ele-
ment 80 includes a main body portion 90 having a lower
end with a flange 92. The main body portion 90 extends
through an opening 93 in a guide element 94 and into
contact with the biasing member 42. The flange 92 has
diameter which allows it to be inserted within the biasing
member retaining tube 40 and to move slidably up and
down within tube 40 as the output shaft 52 is moved be-
tween extended and retracted positions.
�[0029] Turning now to the operation of the apparatus
10, when a pressurized fluid is applied to port 22, this
causes the annular fluid chamber 50 to be filled with the
pressurized fluid. This causes the inner tubular sleeve
68 of the second tubular member 20 to be driven down-
wardly in the drawing of Figure 2 into the position shown
in Figure 3. Importantly, the thrust force that the pressu-
rized fluid provides is distributed evenly and concentri-
cally about the output shaft 52. Thus, there are no exter-
nal forces applied to the output shaft 52 which tend to
urge it off center of an axis extending perfectly perpen-
dicular to an upper surface of the workpiece 14. The force
of the pressurized fluid compresses the biasing element
42 as the guide member 80 is driven downwardly together
with the inner tubular sleeve 68. It will be appreciated
that during this movement of the output shaft 52 into an
extended position, that the fluid port 28 needs to be free
to expel fluid collected in the annular fluid chamber 72
through the fluid passageway 70. Also, optionally, a flow
control device could be employed at fluid port 28 to con-
trol the downward thrust and/or speed of the output shaft
52.
�[0030] As the second tubular member 20 moves down-
wardly in the drawing of Figure 2, the outer tubular sleeve
66 and the tubular sleeve 68 are guided by the outer
tubular sleeve 36 of the first tubular member 18. This
helps to ensure that the guide member 80 remains per-
fectly concentric with the longitudinal axis of the output
shaft 52. The apparatus 10 is shown with the output shaft
52 in its fully extended position in Figure 3.
�[0031] When the output shaft 52 is to be retracted (i.e.,
moved back into the position shown in Figure 2), the fluid
pressure applied to port 22 is removed, thereby allowing
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fluid collected within the annular fluid chamber 50 to be
expelled out through the flow path 44 and the port 22.
This occurs simultaneously as a pressurized fluid is di-
rected into port 28, through flow paths 70 and into the
annular flow chamber 72. The fluid entering annular flow
chamber 72 acts on the second outer tubular sleeve 66
to urge the sleeve 66 upwardly in the drawing of Figure
2. The biasing member 42 also assists in urging the entire
second tubular member 20 upwardly away from the first
tubular member 18. Upward retracting movement of the
second tubular member 20 is limited by engagement of
a top surface 98 of first tubular member 18 that abuts a
flange 99 of the outer tubular sleeve 66. It will be appre-
ciated that in some applications the biasing member 42
by itself may be sufficient to provide the needed retracting
force.
�[0032] The apparatus 10 of the present invention thus
provides a simple, very compact means for applying
thrust forces to an output shaft of a tool in a manner which
does not tend to force the output shaft out of perfect per-
pendicular alignment with the outer surface of a work-
piece. Since the apparatus 10 does not require any ex-
ternal carriage or guide rail system, it forms a much more
compact system which can be handled, set up and used
much more easily and conveniently on various types of
workpieces, In particular, the invention is ideally suited
to aircraft manufacturing operations where high precision
drilling and reaming operations are employed to form
very precise diameter holes in various size and shaped
components.
�[0033] Those skilled in the art can now appreciate from
the foregoing description that the broad teachings of the
present invention can be implemented in a variety of
forms. Therefore, while this invention has been described
in connection with particular examples thereof, the true
scope of the invention should not be so limited since other
modifications will become apparent to the skilled practi-
tioner upon a study of the drawings, specification and
following claims.�
A power feed apparatus for feeding a working element
attached to an output shaft of a power tool in a linear
motion relative to a workpiece so as to distribute a thrust
force applied to said output shaft evenly concentrically
about said output shaft, said apparatus comprising; a first
tubular member adapted to be coupled to a substructure
associated with said workpiece, said first tubular member
having a first fluid port; a second tubular member adapted
to move slidably relative to said first tubular member, said
second tubular member being adapted to support said
output shaft of said motor concentrically relative to said
first tubular member; surfaces of said tubular members
defining a first fluid chamber therebetween arranged con-
centrically about said output shaft; and wherein fluid pres-
sure from a fluid source directed into said fluid chamber
operates to urge said second tubular member, and thus
said output shaft, linearly relative to said first tubular
member into an extended position and to distribute a
thrust force evenly concentrically about said output shaft.�

Preferably said tubular members define a second fluid
chamber independent of said first fluid chamber; and
wherein a pressurized fluid admitted into said second
fluid chamber causes linear movement of said second
tubular member, and thus said output shaft, from said
extended position to a retracted position.�
Preferably said first tubular member comprises a biasing
element for applying a force to said second tubular mem-
ber to urge said second tubular member from said ex-
tended position into a retracted position when said fluid
pressure is removed from said first fluid port. �
Preferably said second tubular member comprises an
outer tubular sleeve and an inner tubular sleeve disposed
concentrically within said outer tubular sleeve, for guiding
said second tubular member slidably relative to said first
tubular member. �
Preferably said first tubular member comprises an outer
sleeve and an inner sleeve disposed concentrically within
said outer sleeve to define an annular area therebetween
for guiding-�apportion of said second tubular member.�
Preferably said first tubular member comprises a mount-
ing component adapted for coupling to said substructure,
said mounting component having a bore for permitting
linear movement of said output shaft therethrough.�
A power feed apparatus for feeding an output shaft of a
power tool in a linear motion relative to a workpiece with-
out impeding rotational movement of said output shaft,
and in a manner which distributes thrust forces imparted
to said output shaft evenly concentrically about said out-
put shaft while said output shaft is moved linearly be-
tween a retracted position and an extended position said
apparatus comprising: a first tubular member including
an outer sleeve and an inner tube defining an annular
area therebetween, said first tubular member adapted to
be fixedly secured to a substructure associated with said
workpiece; a second tubular member including a second
outer tubular sleeve and a second inner tubular sleeve
disposed concentrically within said second outer sleeve,
said output shaft being supported from said second tu-
bular member and extending concentrically through said
second inner tubular sleeve and said inner tube; said
outer sleeve and said inner tube defining a first annular
area therebetween in which a portion of said second inner
tubular sleeve travels during movement of said second
tubular member; and a first annular fluid chamber formed
between said second inner tubular sleeve and said outer
sleeve such that a pressurized fluid admitted into said
first fluid chamber causes linear movement of said output
shaft from said retracted position to said extended posi-
tion.�
Preferably said second outer tubular sleeve and said sec-
ond inner tubular sleeve form a second annular fluid
chamber therebetween such that said pressurized fluid
injected into said second annular fluid chamber, while
said first annular fluid chamber is not pressurized with
said pressurized fluid, causes movement of said second
tubular member, and thus said output shaft, from said
extended position to said retracted position.�
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Preferably said first tubular member includes a mounting
component for enabling said apparatus to be fixedly se-
cured to said substructure associated with said work-
piece. �
The apparatus further comprising at least one O- �ring seal
disposed between said outer sleeve and said inner tube. �
Preferably said inner tube comprises a biasing member
retaining tube disposed fixedly concentrically with said
outer sleeve; and said second tubular member includes
an output shaft guide tube disposed concentrically within
said second outer tubular sleeve; wherein said apparatus
further includes a biasing member disposed within said
biasing member retaining tube; and wherein said biasing
member acts on said output shaft guide tube to assist in
retracting said output shaft when said fluid pressure is
removed from said second annular fluid chamber.�
The apparatus further comprising a bearing assembly
disposed in said mounting component for helping to
maintain said output shaft concentrically within said first
tubular member.�
The apparatus further comprising a bearing assembly
mounted in said second tubular member for helping to
maintain said output shaft concentrically within said sec-
ond tubular member.

Claims

1. A method for feeding an output shaft of a power tool
in a linear motion relative to a workpiece without im-
peding rotational movement of said output shaft, and
in a manner which distributes thrust forces imparted
to said output shaft evenly concentrically about said
output shaft while said output shaft is moved linearly
between a retracted position and an extended posi-
tion, relative to a workpiece, the method comprising:�

providing a first tubular member which is adapt-
ed to be fixedly attached to a substructure as-
sociated with said workpiece, and which in-
cludes a bore for permitting said output shaft to
extend therethrough into said workpiece; pro-
viding a second tubular member having a diam-
eter sufficiently large to permit sliding movement
over said first tubular member, said second tu-
bular member including a portion arranged to
extend within an interior area of said first tubular
member, said second tubular member support-
ing a motor thereon for driving said output shaft,
and said working element being aligned concen-
trically with said bore in said first tubular mem-
ber;
forming a first annular fluid chamber within said
first tubular member for causing said second tu-
bular member to be urged linearly toward said
first tubular member when a pressurized fluid is
injected into said first annular fluid chamber,
thereby causing said output shaft to be extended

from said first tubular member toward said work-
piece; and
forming a second annular fluid chamber within
said second tubular member for causing said
second tubular member to be retracted away
from said workpiece when a pressurized fluid is
injected into said second annular fluid chamber.

2. The method of claim 14, further comprising using a
spring disposed within one of said first or second
tubular members to assist in retracting said output
shaft.
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